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(57) ABSTRACT

A headphone includes a speaker unit, a baflle plate, an ear
pad, and a grille. The batile plate 1s configured to support the
speaker unit. The ear pad 1s configured to surround an
acoustic space in which a sound emitted from the speaker
umit 1s transmitted toward an ear of a listener. The grille 1s
configured to cover the speaker unit. The grille has a hole
and a cavity connected to the hole.
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1
HEADPHONE AND GRILLE UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 35
USC 119 from lJapanese Patent Application No. 2020-
134983 filed on Aug. 7, 2020, the contents of which are

incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a headphone and a grille
unit.

BACKGROUND

There 1s a noise cancelling headphone provided with an
active noise cancelling device. In the noise cancelling head-
phone, a microphone 1s provided 1n a housing in addition to
a speaker unit that functions as a sound emitting body of a
normal headphone. In the active noise cancelling device, the
microphone collects a noise sound and generates a noise
sound signal and an acoustic signal from the noise sound
signal. The acoustic signal for emitting a cancelling sound
having a phase opposite to a phase of the noise sound 1n the
vicinity of a sound receiving point from the speaker unit 1s
supplied to the speaker unit. In this manner, the noise sound
and the cancelling sound are cancelled out 1n the vicinity of
the sound rece1ving point, and the noise sound 1s suppressed.

However, when a frequency of the noise sound 1s high,
since a wavelength in this frequency 1s reduced, a delay of
a series ol processings, for example, the microphone gen-
crates a noise sound signal, generates an acoustic signal
from the noise sound signal, and emits a sound from the
speaker unit, cannot be 1gnored 1n the active noise cancelling
device. Therelore, 1n a band of a certain frequency or higher,
the cancelling sound cannot be maintained at a phase
opposite to a phase of the original noise sound. As a result,
there 1s a problem that a noise sound to be suppressed
diverges 1n reverse. Therefore, there are many cases 1n
which a noise sound 1n a high frequency band relies on
passive noise cancelling in which the sound 1s msulated and
absorbed by another unit, that 1s, an ear pad or the like.

When a sound 1s 1msulated by an ear pad, the sound leaks
into the headphone through a gap between a head of a
listener and the ear pad. In this case, in a specific frequency
band, an external ear serves as a wall surface and standing,
waves are generated in the headphone, specifically, 1n a
space surrounded by the speaker unit, an ear, the ear pad, and
a batlle plate, and a phenomenon 1n which a noise sound is
enhanced occurs.

FIGS. 7 and 8 are diagrams showing acoustic analysis
results when a sound leaks and enters a headphone internal
space surrounded by an inner wall surface 3a of the ear pad
from a gap of a part of the ear pad in front of an ear 7. FIG.
7 shows a sound pressure distribution 1n the headphone
internal space as viewed from the speaker unit side. FIG. 8
shows a sound pressure distribution in a cross section taken
along a line I-I' of the headphone internal space shown 1n
FIG. 7. In FIGS. 7 and 8, a sound pressure of each portion
in the headphone internal space 1s indicated by a density of
dots.

In FIG. 7, a sound pressure 1s increased 1n a region Al in
which a gap 1s formed between the ear pad and the head of
the listener. It 1s considered that this 1s because a noise sound
leaks from the outside into the headphone internal space
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through the region Al. As shown i1n FIGS. 7 and 8, in the
headphone internal space, 1t can be confirmed that a sound
pressure 1n a region A2 in the vicinity of the external ear 7
rapidly increases, and a sound pressure level 1n the vicinity
of an eardrum increases (that 1s, a noise increases). This 1s
because the ear 1s close to the speaker unit, the headphone
internal space 1s substantially divided into two spaces by the
external ear 7, and standing waves are generated 1n each of
the two spaces 1n which the external ear 7 serves as a wall.
It 1s confirmed that standing waves are generated in a
frequency band around about 1 kHz to 3 kHz in a normal
headphone although 1t depends on a shape of the headphone.

It 1s difficult for the active noise cancelling device to
suppress standing waves 1 a high frequency band. An
existing earphone, discloses a techmique for forming a
resonance space having an opening portion that 1s opened in
an annular protective member that protects a diaphragm and
1s opened toward a sound channel through which a sound
generated by the diaphragm passes. According to the exist-
ing earphone, a Helmholtz resonator i1s formed by the
opening portion and the resonance space, and generation of
an unpleasant sound 1s suppressed.

However, the existing earphone does not have an element
corresponding to an ear pad of a headphone. Therefore, the
technique disclosed in the existing earphone cannot solve
the problem of suppressing standing waves generated 1n a
headphone due to a noise sound that leaks and enters the
headphone through a gap between an ear pad and a head of
a listener.

SUMMARY

The present disclosure has been made 1n view of the
circumstances described above, and an object of the present
disclosure 1s to provide a technical method for suppressing
standing waves generated 1 a headphone due to a noise
sound that leaks and enters the headphone through a gap
between an ear pad and a head of a listener.

According to an aspect of the present disclosure, there 1s
provided a headphone including a speaker unit, a batile plate
configured to support the speaker unit, an ear pad configured
to surround an acoustic space 1n which a sound emitted from
the speaker unit 1s transmitted toward an ear of a listener,
and a grille configured to cover the speaker unit, in which the
grille has a hole and a cavity connected to the hole.

There 1s also provided a grille unit including a grille
configured to cover a speaker unit, 1n which the grille
includes a plurality of sets of holes and cavities connected to
the holes respectively.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional perspective view showing a
configuration of an 1nventive headphone;

FIG. 2 1s an enlarged cross-sectional perspective view
showing a speaker unit and a grille of the headphone;

FIG. 3 1s a perspective view showing a schematic con-
figuration of a Helmholtz resonator provided 1n the grille;

FIG. 4 15 a block diagram showing a configuration of an
active noise cancelling device provided in the headphone;

FIG. 5 1s a plan view showing a configuration of a grille
in an mventive headphone;

FIG. 6 1s an enlarged cross-sectional perspective view
showing a speaker unit and a grille of an inventive head-
phone;
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FIG. 7 1s a diagram showing a sound pressure distribution
inside a headphone when a noise sound leaks into the
headphone through a gap between an ear pad and a head of
a listener; and

FIG. 8 1s a diagram showing a sound pressure distribution
in a cross section taken along a line I-I' in FIG. 7.

DETAILED DESCRIPTION

Hereinafter, an embodiment of the present disclosure will
be described with reference to the drawings.

FIG. 1 1s a cross-sectional perspective view showing a
configuration of a headphone 100 according to an embodi-
ment of the present disclosure. FIG. 2 1s an enlarged
cross-sectional perspective view showing a speaker unit 1
and a grille 6 of the headphone 100 shown 1n FIG. 1.

In the headphone 100, the speaker unit 1 emits a sound,
and 1s supported at a substantial center portion of a baflle
plate 2 having a substantially circular shape as shown in
FIG. 1. Here, the speaker unit 1 1s an electromagnetic
speaker unit. As shown in FI1G. 2, the speaker unit 1 includes
a diaphragm 11 having a substantial disc shape, and whose
periphery portion 1s fixed, a voice coil bobbin 12 attached to
a lower surface of the diaphragm 11, and a magnetic circuit
14 provided with a magnetic gap 13 into which the voice coil
bobbin 12 is mserted. In the speaker unit 1, when the voice
coil bobbin 12 1s energized, the diaphragm 11 vibrates 1n an
upper-lower direction 1n the drawing (FIG. 2), and a sound
1s emitted to an upper side and a lower side 1n the drawing.

As shown 1n FIG. 1, a substantially annular ear pad 3 1s
attached to a periphery portion of a front surface 2f of the
batlle plate 2. The ear pad 3 comes 1nto contact with a head
of a listener when the headphone 100 1s used.

The baflle plate 2 has the front surface 2f and a back
surface 26 opposite to the front surface 2f. The headphone
100 includes a hollow lid-like housing 4 that covers the back
surface 26 of the batflle plate 2.

When the headphone 100 1s used, a front cavity 5f
surrounded by the front surface 2/ of the batlle plate 2, an
inner wall surface 3d of the ear pad 3, and the head of the
listener 1s formed. A back cavity 56 1s provided at a side of
the back surface 256 of the batlle plate 2, and the back cavity
5b 1s an enclosed space surrounded by the back surface 25
and an inner wall surface of the housing 4.

In the headphone 100, a sound emitted from the dia-
phragm 11 of the speaker unit 1 to the front surface 2f of the
batlle plate 2 1s transmitted to an eardrums of an ear of the
listener via the front cavity 5f. Therefore, the ear pad 3 1s a
member that surrounds an acoustic space (the front cavity
5/) 1n which the sound emitted from the speaker unit 1 is
transmitted toward the ear of the listener.

As shown 1n FIG. 1, a periphery portion of the grille 6 1s
fixed to the front surface 2/ of the batlle plate 2 and covers
the speaker unit 1. The outer shape of the grille 6 1s a
substantially circular shape, and a center position of the
circle coincides with a center position of a circle of the
speaker unit 1 having a substantially circular shape. The
orille 6 1s generally a member that protects the speaker unit
1. The grille 6 according to the present embodiment does not
only play a role of protecting the speaker unit 1.

As shown 1n FIG. 2, the grille 6 includes a central annular
portion 61 having a substantially circular shape, a periphery
annular portion 62 that has a substantially circular shape and
located outside of the central annular portion 61, and a
plurality of frame portions 63 that connect the central
annular portion 61 to the periphery annular portion 62. Here,
the plurality of frame portions 63 radially extend from the
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central annular portion 61, intersect the periphery annular
portion 62, and are bent toward the front surface 2f of the
batile plate 2. End portions of the plurality of frame portions
63 are fixed to the front surface 2/. On a surface of the central
annular portion 61 at an opposite side to the speaker unit 1,
holes 64 are provided 1n the vicinity of positions where the
frame portions 63 are connected. These holes 64 face an
external ear of the listener 1n a state 1n which the headphone
100 1s worn on the head of the listener. Each of the frame
portions 63 has a cavity 65 connected to the hole 64. The
hole 64 and the cavity 65 form a Helmholtz resonator. In the
present embodiment, the grille 6 includes a plurality of sets
of the holes 64 and the cavities 63 which 1s connected to the
holes 64. Each of the plurality of sets of the holes 64 and the
cavities 65 forms the Helmholtz resonator.

FIG. 3 1s a perspective view showing a schematic con-
figuration of a Helmholtz resonator provided 1n the grille 6.
A resonance frequency ir of the Helmholtz resonator can be
calculated by the following formula, 1n which an area of the
hole 64 1s S, a depth of the hole 64 1s L, a volume of the
cavity 65 connected to the hole 64 1s V, and a sound velocity
1S C.

fr=(c2nW (S/(V-L)) (1)

In the present embodiment, the area S of the hole 64, the
depth L of the hole 64, and the volume V of the cavity 65 of
the Helmholtz resonator are determined such that the reso-
nance frequency Ir 1s a frequency of standing waves gener-
ated 1n the front cavity 5f.

Although not shown in FIGS. 1 and 2, the headphone 100
according to the present embodiment 1s provided with an
active noise cancelling device 110 shown 1n FIG. 4. In FIG.
4, a first microphone 111 collects a noise sound generated 1n
the front cavity 5/ and outputs a noise sound signal. A feed
forward active noise cancelling (FF-ANC) processing unit
12 generates an acoustic signal for emitting, from the
speaker unit 1, a cancelling sound having a phase opposite
to a phase of a noise sound at a sound receirving point
(usually near the eardrum of the external ear).

An equalizer (EQ) 113 adjusts a frequency characteristic
ol a sound signal to be emitted and outputs the sound signal.
The output signal of the EQ 113 1s supplied to the speaker
umt 1 via an adder 117 and a digital analog converter (DAC)
118, and 1s emitted by the speaker unit 1.

A second microphone 114 collects a sound 1n the vicinity
of the sound receiving point. An output signal of the second
microphone 114 includes a signal corresponding to the
output signal of the EQ 113 and a noise sound signal. A
teedback active noise cancelling (FB-ANC) processing unit
115 generates an acoustic signal obtained by removing a
signal corresponding to the output signal of the EQ 113 from
the output signal of the second microphone 114, that 1s, a
noise sound signal, and generates, from the noise sound
signal, an acoustic signal for emitting a cancelling sound
having a phase opposite to a phase of the noise sound at the
sound receiving point from the speaker unit 1.

An adder 116 adds the acoustic signal output from the
FF-ANC processing unit 112 and the acoustic signal output
from the FB-ANC processing unit 115. The adder 117 adds
the output signal from the adder 116 and the output signal
from the EQ 113. The DAC 118 converts the output signal
of the adder 116 from a digital format to an analog format,
and supplies the converted signal to the speaker umt 1.

In the active noise cancelling device 110, the FF-ANC
processing unit 112 generates, from the output signal of the
first microphone 111, an acoustic signal for emitting a
cancelling sound having a phase opposite to a phase of the
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noise sound at the sound receirving point from the speaker
unit 1, and supplies the acoustic signal to the speaker unit 1
via the adders 116 and 117 and the DAC 118. In the active
noise cancelling device 110, the FB-ANC processing unit
115 generates, from the output signal of the second micro-
phone 114, an acoustic signal for generating a cancelling
sound having a phase opposite to a phase of the noise sound
at the sound recerving point, and supplies the acoustic signal
to the speaker unit 1 via the adders 116 and 117 and the DAC
118. Theretore, the active noise cancelling device 110 can
cancel out the noise sound and the cancelling sound at the
sound receiving point and suppress the noise sound.

In the headphone 100, when a sound leaks from a gap
between the ear pad 3 and the head of the listener, standing,
waves of about 1 kHz to 3 kHz are generated in the front
cavity. Such standing waves having a high frequency are less
likely to be suppressed by the active noise cancelling device
110.

However, the grille 6 of the headphone 100 according to
the present embodiment 1s provided with the hole 64 and the
cavity 63 that function as a Helmholtz resonator. The hole 64
1s located at a position facing the external ear of the listener
surrounded by the ear pad 3, that 1s, the hole 64 1s located
at a position of an antinode of a sound pressure of the
standing waves. The Helmholtz resonator has a Helmholtz
resonance Irequency close to a frequency of the standing
waves. Therefore, the Helmholtz resonator can suppress
standing waves having a frequency of about 1 kHz to 3 kHz
in the front cavity.

(1) FIG. 5 1s a plan view showing a configuration of a
grille 6 A in a headphone according to an embodiment of the
present disclosure. The holes 64 of a plurality of Helmholtz
resonators provided in the grille 6 have the same area 1n the
embodiment described above. On the other hand, holes 64'
of a plurality of Helmholtz resonators provided in the grille
6A have diflerent areas 1n an aspect shown 1n FIG. 5. That
1s, the grille 6 A 1s provided with a plurality of types of
Helmholtz resonators having different resonance frequen-
cies 1n thus aspect. According to this aspect, 1t 1s possible to
suppress standing waves 1n a wide frequency band generated
in the front cavity 5f. Alternatively, the grille 6 may be
provided with a plurality of types of Helmholtz resonators
having diflerent resonance frequencies, in which each of the
Helmholtz resonators includes the hole 64 and the cavity 65
connected to the hole 64 and volumes V of the cavities 65
are diflerent from each other. Alternatively, the grille 6 may
be provided with a plurality of types of Helmholtz resona-
tors having different resonance frequencies, in which each of
the Helmholtz resonators includes the hole 64 and the cavity
65 connected to the hole 64, areas of the holes 64 are
different from each other, volumes V of the cavities 65 are
different from each other.

(2) FIG. 6 1s an enlarged cross-sectional perspective view
showing the speaker unit 1 and a grille 6B of a headphone
according to another embodiment of the present disclosure.
A configuration of the speaker unit 1 1s the same as the
configuration of the speaker unit 1 i1n the embodiment
described above (FIG. 2). A configuration of a resonator
provided 1n the grille 6B in an aspect shown in FIG. 6 1s
different from a configuration of the resonator in the embodi-
ment described above (FIG. 2). In the aspect shown 1n FIG.
6, holes 66 are provided in the mnner peripheral wall surface
of the central annular portion 61 and in the vicinity of
positions through which central axes of the frame portions
63 pass, and the holes 66 are connected to cavities 67
provided in the frame portions 63. Here, the cavity 67 has
the same cross-sectional area as an area of the hole 66. In the
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aspect shown 1n FIG. 6, each set of the hole 66 and the cavity
67 connected to the hole 66 forms a hollow tubular tube
resonator. The tube resonator 1s a one side opened tube
resonator in which an inner peripheral wall surface side of
the central annular portion 61 1s an opened tube and an
opposite side to the opened tube 1s a closed tube. As
described above, the grille 6B 1s provided with a plurality of
tube resonators including a plurality of sets of holes 66 and

cavities 67 in the aspect shown in FIG. 6.
A resonance frequency Ir can be calculated by the fol-
lowing formula 1n which a tube length of the tube resonator

1s D 1n FIG. 6.

fr=02n-D)c/(dD)(n=1,2,3 . . . ) (2)

In the aspect shown 1n FIG. 6, the resonance frequency 1r
of the tube resonator i1s determined 1n accordance with a
frequency of standing waves generated in the front cavity,
and the tube length D of the tube resonator 1s determined 1n
accordance with the resonance frequency fir.

In the aspect shown in FIG. 6, the grille 6B 1s provided
with a plurality of tube resonators, the resonance frequencies
ir of the tube resonators may be the same or may be difierent
from each other. When the resonance frequencies of the
plurality of tube resonators are diflerent from each other,
standing waves 1n a wide frequency band can be suppressed.

(3) The Helmholtz resonator 1n the embodiment described
above and the tube resonator shown in FIG. 6 may be mixed
in one grille. In this case, the grille may be provided with a
plurality of Helmholtz resonators and a plurality of tube
resonators. That 1s, a plurality of sets of holes and cavities
provided 1n the grille may be neck portions having a depth,
and each of the neck portions may include a set of a cavity
and a hole connected to the cavity (Helmholtz resonator),
and a set of a hole and a cavity (tube resonator) 1n which the
hole and the cavity connected to the hole form a hollow tube
shape.

(4) Although the central annular portion 61 and the
periphery annular portion 62 have a substantially circular
shape 1n the embodiment described above, the central annu-
lar portion 61 and the periphery annular portion 62 may have
a shape other than a circular shape, such as a rectangular
shape.

(5) A set of the grille 6 and the speaker unit 1 according
to the embodiment described above, that 1s, a speaker umit
provided with a grille having a plurality of Helmholtz
resonators may be manufactured and provided to a user. In
this case, the plurality of Helmholtz resonators having
different resonance frequencies may be provided in the
orille. Instead of the plurality of Helmholtz resonators, a
plurality of tube resonators may be provided in the grille.
Alternatively, a plurality of Helmholtz resonators and a
plurality of tube resonators may be mixed in the grille. That
1s, the present disclosure can also be implemented as a
speaker unit provided with a grille that covers the speaker
unit, 1n which the grille includes a plurality of sets of holes
and cavities connected to the holes.

What 1s claimed 1is:

1. A headphone comprising:

a speaker unit;

a baflle plate configured to support the speaker unit;

an ear pad configured to surround an acoustic space in
which a sound emitted from the speaker unit is trans-
mitted toward an ear of a listener; and

a grille configured to cover the speaker unit, wherein
the grille has a hole and a cavity connected to the hole;
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the grille includes a central annular portion, a periphery
annular portion, and a frame portion connecting the
central annular portion and the periphery annular
portion;

the hole 1s provided 1n the central annular portion, and
the cavity 1s provided in the frame portion;

the cavity 1s provided inside the frame portion and
extends along a longitudinal direction of the frame
portion; and

the hole 1s communicated to the cavity and opens
outside of the frame portion.

2. The headphone according to claim 1, wherein the hole
faces an external ear of the ear of the listener.

3. The headphone according to claim 1, wherein the hole
opens 1n the longitudinal direction of the frame portion.

4. The headphone according to claim 1, wherein the grille
includes a plurality of sets of holes and cavities connected to
the holes.

5. The headphone according to claim 4, wherein the
plurality of sets of the holes and the cavities include a set of
the hole and the cavity in which an area of the hole 1s smaller
than a cross-sectional area of the cavity connected to the
hole, and the hole 1s connected to the cavity via a neck
portion having a same cross-sectional area as that of the
hole.

6. The headphone according to claim 4, wherein the
plurality of sets of the holes and the cavities include a set of
the hole and the cavity in which the hole and the cavity
connected to the hole form a hollow tube shape.

7. The headphone according to claim 4, wheremn the
plurality of sets of the holes and the cavities include:

a set of the hole and the cavity mn which a cross-sectional
area of the hole 1s smaller than a cross-sectional area of
the cavity connected to the hole and the hole 1s con-
nected to the cavity via a neck portion having a same
cross-sectional area as that of the hole: and

a set of the hole and the cavity 1n which the hole and the
cavity connected to the hole form a hollow tube shape.

8. A grille unit comprising;:

a grille configured to cover a speaker unit, wherein
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the grille includes a plurality of sets of holes and
cavities connected to the holes respectively;

the grille includes a central annular portion, a periphery
annular portion, and a frame portion connecting the
central annular portion and the periphery annular
portion;

the holes are provided in the central annular portion,
and the cavities are provided 1n the frame portions;

the cavity 1s provided 1nside each of the frame portions
and extends in a longitudinal direction of the corre-
sponding frame portion; and

in each of the plurality of sets of holes and cavities, the
hole 1s communicated to the cavity and opens outside
of the frame portion.

9. The grille unit according to claim 8, wherein the holes
face an external ear of the ear of the listener.

10. The grille unit according to claim 8, wherein each of
the holes opens 1n the longitudinal direction of the corre-
sponding frame portion.

11. The grille unit according to claim 8, wherein the
plurality of sets of the holes and the cavities include a set of
the hole and the cavity in which an area of the hole 1s smaller
than a cross-sectional area of the cavity connected to the
hole, and the hole 1s connected to the cavity via a neck
portion having a same cross-sectional area as that of the
hole.

12. The grille unit according to claim 8, wherein the
plurality of sets of the holes and the cavities include a set of
the hole and the cavity in which the hole and the cavity
connected to the hole form a hollow tube shape.

13. The grille unit according to claim 8, wherein the
plurality of sets of the holes and the cavities include:

a set of the hole and the cavity in which a cross-sectional
area of the hole 1s smaller than a cross-sectional area of
the cavity connected to the hole and the hole 1s con-
nected to the cavity via a neck portion having a same
cross-sectional area as that of the hole; and

a set of the hole and the cavity in which the hole and the
cavity connected to the hole form a hollow tube shape.
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